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Illegal logging poses a significant threat to the sustainability of Malaysian forest 
ecosystems. Presently, foresters have to depend on wood anatomical evidences to 
link the suspected timber thefts to the source trees but this is inconclusive. This study 
was aimed to utilize DNA markers in plant DNA fingerprinting for forensic 
applications using Neobalanocarpus heimii as a model. To generate a comprehensive 
DNA database of N. heimii for individual identification, 30 natural populations were 
identified from 27 forest reserves, and a total of 1081 individuals were collected 
throughout Peninsular Malaysia. An extensive evaluation of 51 short tandem repeat 
(STR) loci developed for Dipterocarpaceae managed to identify 12 STR loci, which 
showed specific amplification, absence of null alleles, single-locus mode of 
inheritance, and absence of mononucleotide repeat motifs in N. heimii. Cluster 
analyses via assignment test and genetic distance divided the 30 populations into 
three genetic clusters, corresponding to three geographical regions: Region A (west), 
Region B (central and south) and Region C (northeast). DNA databases of N. heimii 
were constructed and characterized at the levels of population, region and Peninsular 
Malaysia. Independence tests showed that the majority of the loci significantly 
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deviated from Hardy-Weinberg equilibrium due to population substructuring and 
inbreeding. Thus, the match probability of N. heimii should be estimated using the 
‘subpopulation-cum-inbreeding model’ that adjusted for coancestry (θ) and 
inbreeding (f) coefficients. The conservativeness tests showed that both the regional 
and Peninsular Malaysian databases were conservative and should be adequate to 
predict allele and genotype frequencies of N. heimii throughout Peninsular Malaysia. 
With a combined power of discrimination of more than 0.99999999999999999, the 
Peninsular Malaysian database should be able to provide legal evidences for court 
proceedings against illegal loggers on N. heimii. The comprehensive DNA 
fingerprinting databases developed for N. heimii are the first reported for a tropical 
tree species and the methodology developed should be able to serve as a model for 
the study of other important timber species in Malaysia. The availability of DNA 
fingerprinting databases for the majority of important timber species in Malaysia 
would enhance the capacity of Forest Department officials to curb the problem of 
illegal logging and this would indirectly ensure the conservation and sustainable 
utilization of forest resources in Malaysia. 
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Pembalakan haram memberikan ancaman yang ketara ke atas kemampanan 
ekosistem hutan di Malaysia. Buat masa kini, pegawas hutan bergantung kepada 
bukti anatomi kayu untuk mengaitkan pembalak haram yang disyaki dengan punca 
pokok yang ditebang. Akan tetapi, bukti sedemikian adalah tidak memadai. Tujuan 
kajian ini adalah untuk mengaplikasikan penanda DNA dalam pemprofilan DNA 
tumbuhan untuk forensik perhutanan. Untuk tujuan ini, Neobalanocarpus heimii 
telah dijadikan sebagai model. Bagi penjanaan pangkalan data yang terperinci, 30 
populasi semulajadi N. heimii dikenalpasti dari 27 hutan simpan di Semenanjung 
Malaysia dan sejumlah 1081 individual telah disampel. Penilaian terperinci ke atas 
51 lokus jujukan ulangan pendek (STR) yang dijana untuk Dipterocarpaceae 
mengenalpasti 12 lokus yang sesuai diguna pakai untuk N. heimii. Kesemua lokus 
yang dikenalpasti ini menunjukkan ciri-ciri berikut: amplifikasi yang spesifik, 
ketiadaan alel nul, mod pewarisan mengikut Hukum Mendel, dan ketiadaan jujukan 
ulangan mononukleotida. Analisis kelompok melalui ujian penugasan dan jarak 
genetik membahagikan 30 populasi kepada tiga kelompok genetik, sejajar dengan 
tiga kawasan geografi, iaitu Kawasan A (barat), Kawasan B (tengah dan selatan) dan 
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Kawasan C (timur-utara). Pangkalan data pemprofilan DNA bagi N. heimii telah 
dijana berdasarkan populasi, kawasan dan Semenanjung Malaysia. Ujian kebebasan 
yang dilakukan ke atas semua pangkalan data ini menunjukkan kebanyakan lokus 
menyimpang secara signifikan daripada keseimbangan Hardy-Weinberg disebabkan 
oleh substruktur populasi dan biakbaka dalaman. Oleh yang demikian, 
kebarangkalian kesamaan genotip N. heimii perlu dianggar menggunakan model 
substruktur populasi dan biakbaka dalaman yang diperbetulkan dengan pemalar 
kesamaan keturunan (θ) and biakbaka dalaman (f). Ujian kekonservatifan 
menunjukkan pangkalan data kawasan dan Semenanjung Malaysia adalah 
konservatif dan memadai untuk penganggaran frekuensi alel dan genotip N. heimii di 
seluruh Semenanjung Malaysia. Dengan kuasa diskriminasi melebihi 
0.99999999999999999, pangkalan data pemprofilan DNA Semenanjung Malaysia 
dapat memberi bukti yang kukuh di mahkamah untuk penyiasatan kes pembalakan 
haram N. heimii di Semenanjung Malaysia. Penjanaan pangkalan data DNA ke atas 
N. heimii yang komprehensif ini merupakan kajian yang pertama dilaporkan dalam 
spesis pokok tropikal. Maka, kaedah ini diharap dapat dijadikan model untuk 
penjanaan pangkalan data DNA bagi spesis kayu balak lain yang penting di 
Malaysia. Dengan kewujudan pangkalan data DNA ini, kapasiti Jabatan Hutan dalam 
menanagani masalah pembalakan secara haram akan dipertingkatkan dan ini secara 
tidak langsung akan memastikan keberkesanan dalam pemuliharaan dan pengunaan 
sumber hutan di Malaysia. 
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CHAPTER 1 
 
INTRODUCTION 
 
The tropical forest coverage in Asia has been declining at an exponential rate for 
several decades. Large areas of forest are either being lost to conversion for 
agriculture or degraded through poor logging practices without regard to 
sustainability and biodiversity (AFP 2005). One of the major threats to the 
sustainability of tropical forests is uncontrolled illegal logging. Illegal logging can be 
defined as an activity when forest products are bought or sold in violation or 
circumvention of national or subnational laws relating to harvesting, transportation 
and processing (White and Sarshar 2004). These include large- and small-scale 
timber thefts, transfer pricing, breaching of tax rules, and illegal aspects of timber 
sourcing and circumvention of agreements through bribery or deception. The vast 
extent of the illegal logging could contribute to increased poverty and land/social 
conflicts, causes significant losses of tax revenues, and more importantly, poses a 
significant threat to the sustainability of forest ecosystems (AFP 2005).  
 
In Peninsular Malaysia, forest offences have been classified into three main 
categories (MTC 2004): (1) logging without license, logging outside licensed area 
and unauthorized construction of infrastructure and forest roads; (2) encroachment of 
forest reserves for agricultural activities and settlement; and (3) felling of unmarked 
trees, cutting trees below the limit, unlicensed workers, contractors with no valid 
sublicense, unregistered machinery plus other breaches of rules and regulations 
within and outside the forest reserve. While the constituent of illegal logging is not 
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clearly defined, the Malaysian Timber Council (MTC) reported a total of 1811 cases 
of illegal logging from 1987 to 2003 (MTC 2004). 
 
For the case of logging without license, foresters at the moment have to depend on 
wood anatomical evidences to link the suspected timber thefts to the source trees. 
But this is inadequate as identification can only be done on the group of trees and not 
to the species and individual levels. Thus, in order to establish a linkage between the 
evidentiary sample and the source, utilization of DNA fingerprinting (synonymous to 
DNA typing or DNA profiling; Jackson and Jackson 2004) evidences by comparing 
the DNA profiles of logs with those of the stumps from which the timber is believed 
to have originated might provide a solution to legal cases against illegal loggers. 
 
Forensic science can be defined as the study relating to the application of science to 
determine evidentiary value of items found during criminal investigation. DNA 
fingerprinting has long been used in humans for legal proceedings to prove guilt or 
innocence, resolve unestablished paternity, identify remains of missing persons or 
victims of mass disasters and establish citizenship by proving blood relationships in 
immigration laws (Butler 2005). Recently DNA fingerprinting has also been applied 
for the identification of animals where the issues of endangered species and breeding 
are significant (Hansen et al. 2001; Manel et al. 2002; Withler et al. 2004; 
Kobilinsky et al. 2005). In forensic botany, samples of plant materials are used to 
solve criminal and civil cases, and plant DNA fingerprints have been used as 
evidence to link the individual on whom the plant material was found to a crime 
scene (Yoon 1993; Siver et al. 1994; Congiu et al. 2000). Nonetheless, a 
comprehensive forensic procedure for plants has yet to be developed. This might be 
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due to the lack of awareness by evidence collection teams, difficulty in routinely 
identifying trace material by traditional morphological methods using whole-plant 
identification or by botanical experts, and significant resources required to construct 
population databases for the large number of plant species that may be encountered 
in forensic casework (Miller Coyle et al. 2001).   
 
Some progress has already been made towards the development of DNA 
fingerprinting methods for discriminating among varieties, populations and 
individuals of plants such as strawberry (Congiu et al. 2000), Cannabis sativa 
(Gilmore et al. 2003), Brachythecium albicans, (Korpelainen and Virtanen 2003), 
Ceratodon purpureus (Korpelainen and Virtanen 2003), Albies alba (Ziegenhagen et 
al. 2003) and Acer rubrum (Bless et al. 2006). These DNA-based methods included 
random amplified fragment length polymorphism DNA (RAPD), amplified fragment 
length polymorphism (AFLP) and short tandem repeat (STR), which offer the 
potential to aid the forensic community by enabling identification of botanical 
samples and the determination of the provenance of seized samples (Yoon 1993; 
Becker et al. 1995; Gilmore et al. 2003). 
 
STRs are short (1–6 bp in length) tandemly repeated DNA sequences. They comprise 
simple mononucleotide to hexanucleotide repeats, varying from a few tens of bases 
up to typically one hundred. These regions occur frequently and are spread randomly 
throughout the genomes of animals and plants, and typically show extensive 
variation (Jarne and Lagonda 1996). The number of tandemly repeated units has been 
shown to be highly polymorphic between individuals and this is thought to be due to 
slippage of the DNA polymerase during the synthesis and mismatched repair 
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(Levinson and Gutman 1987). STRs have become popular DNA markers because 
they are amenable to polymerase chain reaction (PCR) amplification and are highly 
polymorphic among individuals, which make them suitable for DNA fingerprinting 
(Butler 2005). 
 
In forensic forestry investigations, in order to link the evidentiary sample (logs) and 
the source (stumps), two evidences need to be established, i.e. identification and 
individualization (Miller Coyle et al. 2003). Identification of a timber species can be 
done using wood anatomical examination for macroscopic and microscopic 
characters (Soerianegara and Lemmens 1994). Individualization of a sample can be 
carried out using DNA markers to establish a linkage between the evidentiary sample 
and the source (Miller Coyle et al. 2003). STRs are often believed to be more 
superior to RAPD and AFLP for individual identification and individualization, 
because in principle, alleles and genotypes can be unambiguously assigned, and 
primer sequences can be easily distributed and shared among different laboratories 
(Weising et al. 2005). 
 
Population genetics and forensic biology are inextricable linked disciplines. In DNA 
testimony, it is necessary to provide an estimate of the weight of the evidence. 
However, since it is not possible to generate the DNA profile of every individual in a 
particular population, this weight needs to be assigned by applying population 
genetic principles and models (Buckleton et al. 2006). There are three possible 
outcomes of a DNA test: no match, inconclusive, or match between samples 
examined. However, only the third outcome requires statistics to answer the 
following question: are they from the same individual or is there something else out 
